Skin aging can be divided into photoaging and chronological aging. Photoaging is induced by damage to human skin attributable to repeated exposure to ultraviolet (UV) irradiation, while intrinsic aging occurs with increasing age and is strongly associated with genetic factors ([@B1]). Photoaging (extrinsic aging) is characterized by morphological changes that include deep wrinkles and loss of elasticity, as well as histological changes such as connective-tissue alterations. These alterations are considered the result of collagen destruction by UV-induced matrix metalloproteinases (MMPs) secreted from epidermal keratinocytes and dermal fibroblasts ([@B2]).

Fatty acids are essential components of natural lipids, which determine the physiological structure and function of the human skin ([@B3]). They are present in the epidermis, especially in the stratum corneum, the outermost layer, and cell membranes ([@B4]). Many effects of fatty acids can be linked to changes in membrane lipid composition affecting cell signaling mechanisms originating from membranes ([@B5]).

Skin aging may influence epidermal lipids and free fatty acid composition, and their physiological functions may be involved in aging process. Therefore, in the present study, we investigated the alteration of fatty acid composition in the epidermis by skin aging process and acute UV irradiation in human skin in vivo.

Fatty acids are classified as saturated fatty acid (SFA), monounsaturated fatty acid (MUPA), and polyunsaturated fatty acid (PUFA). Omega-3 (n-3), omega-6 (n-6), and omega-9 (n-9) unsaturated fatty acid structures are based on the position of the first double bond at the third, sixth or ninth position from the methyl (omega) terminal of the aliphatic carbon chain ([@B6]). To investigate the alteration of fatty acid composition by intrinsic aging process, young human (21-33 yr, n=4) buttock skin and aged human (70-75 yr, n=4) buttock skin were obtained by punch biopsy. Then the epidermis was separated from dermis and total lipids were extracted with chroloform/methanol/water (1:2:0.8, v/v/v). Fatty acids were analyzed by typical gas chromatography.

The palmitic acid (C16:0), stearic acid (C18:0), palmitoleic acid (C16:1), oleic acid (C18:1), linoleic acid (C18:2), and (all-cis)-11,14,17-eicosatrienoic acid (ETA, C20:3n-3) were determined as major fatty acid components in the human epidermis ([Fig. 1](#F1){ref-type="fig"}). Among them, linoleic acid and ETA belong to PUFAs. The linoleic acid, one of essential fatty acids, is well known as the precursor of arachidonic acid synthesis. However, the physiological function of ETA has not been well investigated. The levels of SFAs such as palmitic acid and stearic acid, PUFAs such as linoleic acid and ETA were decreased in aged skin by 15%, 31%, 7%, and 56%, compared with those in young skin, respectively. Especially, ETA was most significantly decreased in aged skin, indicating that it may relate with intrinsic aging. In contrast, palmitoleic acid and oleic acid were increased in aged skin by 67% and 22%, respectively, compared with those in young skin ([Fig. 1A](#F1){ref-type="fig"}).

To investigate the alteration of fatty acid composition by photoaging process, the fatty acids composition were compared in the epidermis between photoaged forearm and intrinsically aged buttock tissues of the same elderly individuals (70-75 yr, n=5). The levels of palmitic acid and stearic acid in photoaged forearm epidermis were decreased by 11% and 23%, respectively, compared to those in the buttocks of the same elderly individuals. On the other hand, the amounts of linoleic acid and ETA in photoaged forearm epidermis were increased by 19% and 69%, respectively, compared to those in the buttocks of the same elderly individuals ([Fig. 1B](#F1){ref-type="fig"}).

Next, in order to investigate the acute effect of UV irradiation on free fatty acid composition in the epidermis of human skin, we analyzed the change of free fatty acid composition in acutely UV-irradiated buttock epidermis. Young human (21-33 yr, n=4) buttock skin was obtained by punch biopsy at 24, 48, and 72 hr after UV irradiation (2 MED). The levels of palmitoleic acid and oleic acid showed reduced pattern after UV-irradiation. In contrast, the levels of stearic acid, linoleic acid, and ETA were increased after UV-irradiation from 13% linoleic acid to 88% (ETA) at certain time point ([Fig. 1C](#F1){ref-type="fig"}).

Interestingly, ETA, which is one of the omega-3 PUFA, was significantly increased in photoaged human epidermis in vivo and also in the acutely UV-irradiated human skin in vivo, while it was significantly decreased in intrinsically aged human epidermis. These results suggest that ETA may be closely related to intrinsic aging and photoaging processes. Some of PUFAs such as eicosapentaenoic acid (C20:5n-3) and docosahexaenoic acid (C22:6n-3), representative substances of n-3 PUFAs, are well known to have functional effects in many kinds of diseases. They are previously reported to reduce the risk of coronary heart disease by decreasing plasma triglyceride level and also by their antithrombotic and antiatherosclerotic actions through anti-inflammatory effects ([@B6], [@B10]-[@B12]). However, the physiological function of ETA is still not clear.

Next, to elucidate the mechanism by which ETA content is increased by photoaging process and acute UV irradiation in the epidermis, we evaluated the gene expressions involved in ETA synthesis from precursors and the release of ETA from phospholipids. The synthesis of long-chain fatty acids is mediated by elongase family members, ELOVL (Elongation of very long chain fatty acid) 1-6. Elongation of SFAs and MUFAs is mediated by ELOVL1, 3, and 6, and ELOVL2, 4, and 5 are responsible for elongation of PUFAs ([@B7]). Human elongase 1 (HEOL1/ELOVL5) was involved in the elongation of long-chain PUFAs such as conversion of α-linolenic acid (C18:3n-3) into ω3-ETA (C20:3n-3) ([@B8]). The expression of HELO1 was assessed by real-time PCR in photoaged forearm skin and sun-protected buttock skin of the elderly volunteers (n=4). The mRNA level of HELO1 was increased in photoaged forearm skin ([Fig. 2A](#F2){ref-type="fig"}). Furthermore, the mRNA level of HELO1 in normal human keratinocytes was increased 24 hr post-UV (100 mJ/cm^2^) irradiation ([Fig. 2A](#F2){ref-type="fig"}). These finding indicates that the increased ETA content in the epidermis of photoaged human skin and acute UV-irradiated human skin is associated with enhanced expression of elongase.

Phospholipase A~2~ (PLA~2~) family members are also involved in the production of free fatty acid from phospholipids. Calcium-dependent PLA~2~ (cPLA~2~) is considered as signaling PLA~2~, regulating stimulus-induced arachidonic acid metabolism, while the release of ω3-PUFA such as DHA is mediated by calcium-independent PLA~2~ (iPLA~2~) ([@B9]). Levels of iPLA~2~ were determined by real-time PCR (n=4). The mRNA of iPLA~2~ was increased significantly in the forearm skin samples ([Fig. 2B](#F2){ref-type="fig"}). In addition, we analyzed the mRNA levels of iPLA~2~ in normal human keratinocytes, which were incubated for 24 hr after UV (100 mJ/cm^2^) irradiation. Our data showed that the level of iPLA~2~ was increased after UV-irradiation ([Fig. 2B](#F2){ref-type="fig"}). An increase of PLA~2~ in photoaged forearm skin and UV-irradiated human epidermis may lead to an increase of ETA. Hence, up-regulation of iPLA~2~ may be related to photoaging process. The expression of cPLA~2~ mRNA was also increased in photoaged forearmskin (data not shown).

Finally, we investigated the relationship between ETA and MMP-1 expression. MMP-1 is known to promote UV-triggered extracellular protein degradation and thereby contributing to photoaging of human skin. Normal human keratinocytes were incubated with ETA (5 and 10 µM) for 24 hr after UV irradiation (100 mJ/cm^2^). The mRNA level of MMP-1 was increased by UV and ETA inhibited MMP-1 expression after UV-irradiation ([Fig. 2C](#F2){ref-type="fig"}). In contrast, EPTC and NA-TCA, which are elongase inhibitors, increased MMP-1 expression ([Fig. 2D](#F2){ref-type="fig"}). Therefore, our results suggest that the prevention of UV-triggered MMP-1 expression by ETA represents a potential protective strategy in the human skin.

In conclusion, our results suggest that the UV increases the ETA levels, which may have a photoprotective effect in the human skin.

This study was supported by a grant of the Korea Health 21 R&D Project, Ministry of Health & Welfare, the Republic of Korea (A060160) and by a research agreement with AMOREPACIFIC Corporation.

![The changes of free fatty acid (FFA) composition in the epidermis of human skin. (**A**) The changes of FFA composition in aged epidermis. Young human (mean age 26.5 yr; age range 21-33 yr, n=4) buttock skin and aged human (mean age 72.7 yr; age range 70-75 yr, n=4) buttock skin were obtained by punch biopsy. Total lipids were extracted with chroloform/methanol/water (1:2:0.8, v/v/v). Lipid extracts were analyzed by typical gas chromatography (GC). ^\*^*P*\<0.05, ^†^*P*\<0.01, C16:0-palmitic acid (PA), C16:1-palmitoleic acid (PtA), C18:0-stearic acid (SA), C18:1n9-oleic acid (OA), 18:2n6-linoleic acid (LA), C20:3n3-(All-cis)-11,14,17-eicosatrienoic acid (ETA). (**B**) The change of FFA composition in photoaged epidermis. Aged human (mean age 72.7 yr; age range 70-75 yr, n=5) buttock/forearm skin were obtained by punch biopsy. Total lipids were extracted with chroloform/methanol/water (1:2:0.8, v/v/v). Lipid extracts were analyzed by typical gas chromatography (GC). ^†^*P*\<0.01, C16:0-palmitic acid (PA), C16:1-palmitoleic acid (PtA), C18:0-stearic acid (SA), C18:1n9-oleic acid (OA), 18:2n6-linoleic acid (LA), C20:3n3-(All-cis)-11,14,17-eicosatrienoic acid (ETA). (**C**) The change of FFA composition in acutely UV-irradiated buttock epidermis. Young human (mean age 26.5 yr; age range 21-33 yr, n=4) buttock skin was obtained by punch biopsy at the indicated time points after UV irradiation (2 MED). Total lipids were extracted with chroloform/methanol/water (1:2:0.8, v/v/v). Lipid extracts were analyzed by typical gas chromatography (GC). ^\*^*P*\<0.05, C16:0-palmitic acid (PA), C16:1-palmitoleic acid (PtA), C18:0-stearic acid (SA), C18:1n9-oleic acid (OA), 18:2n6-linoleic acid (LA), C20:3n3-(All-cis)-11,14,17-eicosatrienoic acid (ETA).](jkms-25-980-g001){#F1}

![The expressions of genes involved in ETA production and the effect of ETA on MMP-1 expression. (**A**) The expression of HELO1 involved in the elongation of fatty acids. (Left) Aged human (mean age 72.7 yr; age range 70-75 yr) buttock/forearm skin were obtained by punch biopsy. Levels of HELO1 were determined by real-time PCR (n=4). ^\*^*P*\<0.05. (Right) Normal human keratinocytes were incubated for 24 hr after UV irradiation (100 mJ/cm^2^). Levels of iPLA2 were determined by real-time PCR (n=3). ^\*^*P*\<0.05. (**B**) The expression of iPLA~2~ involved in the release of ETA from phospholipids. (Left) Aged human (mean age 72.7 yr; age range 70-75 yr) buttock/forearm skin were obtained by punch biopsy. Levels of iPLA~2~ were determined by real-time PCR (n=4). ^\*^*P*\<0.05.(Right) Normal human keratinocytes were incubated for 24 hr after UV irradiation (100 mJ/cm^2^). Levels of iPLA~2~ were determined by real-time PCR (n=3). ^\*^*P*\<0.05. (**C**) The effect of ETA on UV-induced MMP-1 expression. Normal human keratinocytes were incubated with ETA for 24 hr after UV irradiation (100 mJ/cm^2^). Levels of MMP-1 were determined by Western blots. (n=3). (**D**) Normal human keratinocytes were incubated with each elongase inhibitor for 24 hr. Levels of MMP-1 were determined by real-time PCR (n=3). ^\*^*P*\<0.05.](jkms-25-980-g002){#F2}
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